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INTRODUCTION 
T h i s  i s  t h e  f i rs t  r e p o r t  o f  p r o g r e s s  ti;ward d e t e r m i n a t i o n  31 t h e  e f f e c t  o f  
e l e t t r c j n  Seam i r i ) a d i a t i o n  u p m  t h e  c w p l e x  i,Tpedan,-e c h a r a c t e r i s t i c s  5f 
t h i n  films. 
The p r i n c i p a l  purpose o f  i n i t i a l  r e s e a r c h  e f f o r t s  h a s  been t3 a t t e m p t  t o  
v e r i f y  and extend previously-observed t h i n  f i l m  impedance c h a r a c t e r i s t i c s .  
Toward t h i s  end e l e v e n  sets of f o u r  bismuth f i l m s  each have been prepared  
by e v a p o r a t i o n .  The i n i t i a l  r e s i s t a n c e  v a l u e s  o f  t h e s e  f i l m s  range f r o m  
11 ohms t g  395 ohms. I n f r a - r e d  t r a n s v i s s i o n  measurements on t h e s e  f i l m s  
a r e  ai;..:tst c 3 q p l e t e  ~ and a n a l y t i c a l  v3rk wtii-h shi72ld 5 ield impedance 
v a l u e s  and e q u i v a l e n t  c i r c u i t s  w i l l  begin s'33n. 
The e f f o r t  t o  e s t a b l i s h  t h a t  t h e s e  f i l m s  a r e  s i m i l a r  t o  t h o s e  on which 
p r e v i o u s  impedance character is t ics  were observed has included a l s o  a con- 
t i n u i n g  measurement o f  r e s i s t a n c e  d r i f t  w i t h  t i m e .  I n  a d d i t i o n ,  a pre l im-  
i n a r y  e l e c t r o n  microsc3pe s t u d y ,  b o t h  o f  t h e  s t r u c t u r e  and of t h e  e f f e c t  
of e l e c t r o n  beam i r r a d l a t i o n ,  h a s  been c a r r i e d  out. A l l  of t h e s e  abserva-  
t T n n s  t e n d  to i n d i c a t e  t h a t  t h e  filrs and t h e i r  behavior  a r e  s i m i l a r  t3 
t h e  f i l n s  of p r e v i o u s  worh .  3 j 3* 
T h i s  r e p o r t  w i l l  document most of t h e  i m p o r t a n t  d e t a i l s  of t h e  r e s e a r c h  t o  
d a t e ,  i n c l u d i n g  d i s c u s s i o n s  of t h e  r e s o u r c e s  a c q u i r e d  f o r  t h e  work,  t h e  
p r e p a r a t i o n  o f  f i l m s ,  and t h e  s t u d y  of f i l m  c h a r a c t e r i s t i c s .  
* S u p e r s c r i p t s  r e f e r  t o  numbered i t e m s  i n  the  L i s t  of ReEerences,  which 
may b e  found on Page 2 8 .  
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2 . 1  P e r s a n n e l  
The l a b o r a t o r y  has  added 
Roy F. E b e r l i n e  
David S .  Glass  
John H. Lanharn 
W .  S t u a r t  Robertson 
PROJECT EXSOURCES 
t h e  f o l l m i n g  p e r s m n e l  t o  i t s  s t a f f :  
Research Fe l low,  PhD. s t u d e n t  i n  
E l e c t r i c a l  Eng inee r ing ,  1/2-time. 
Research A s s i s t a n t ,  B.S. i n  E l e c t r i c a l  
Engineer ing  ? 1/5 -t irne . 
Lab2ratory A s s i s t a n t ,  Undergraduate 
s t u d e n t  i n  Plcc.hanica1 Engineer ing  , 
par t - t ime  (supported i n  p a r t  by t h e  
Department o f  E l e c t r i c a l  Engineer ing  
and i n  p a r t  by t h e  NASA Grant)  
Laboratory A s s i s t a n t ,  Undergraduate 
s t u d e n t  i n  E l e c t r i c a l  Engineer ing  
(supported by t h e  Department of 
E l e c t r i c a l  Engineer ing)  . 
2 . 2  L i t e r a t u r e  
A s y s t e m a t i c  o r g a n i z a t i o n  of t h e  l i t e r a t u r e  on bismuth f i l m s  and on t h e  
e f f e c t  o f  i r r a d i a t i o n  o f  f i l m s  is con t inu ing .  Many i t ems  a r e  hand-wr i t t en  
t r a n s l a t i o n s  from t h e  p r i n c i p a l  i n v e s t i g a t o r ' s  f i l e s .  These have been e d i t e d ,  
t y p e d ,  and f i l e d  by y e a r .  A c r o s s - r e f e r e n c i n g  index  w i l l  make them e a s i l y  
a v a i l a b l e  a s  needed f g r  s t u d y  of t h e  i r r a d i a t i o n  and o t h e r  e f f e c t s .  
- 2- 
The r e p o r t s  from s i x  y e a r s  of r e s e a r c h  an conduct ing t h i n  f i l m s ,  which was 
s p m s o r e d  by A i r  Force Cont rac t  AF33 (038) -21255 , and which d e a l t  p a r t i c u -  
l a r l y  with bismuth,  have  been made a v a i l a b l e  t o  the  p r o j e c t  and a r e  b e i n g  
organized  s i m i l a r l y .  
2 . 3  Equipment 
A Wild Model M5 Stereomicroscope w a s  purchased d u r i n g  t h i s  p e r i o d .  I t  has 
been ve ry  u s e f u l  i n  t he  examinat ion and p r e p a r a t i o n  of  f i l m - s u b s t r a t e -  
h n l d e r  s u r f a c e s .  I t  is  a l s o  used for e v a l u a t i o n  o f  s u b s t r a t e s  bo th  befgre 
and a f t e r  cga t ing  with bismuth.  A s p e c i a l  a d a p t e r  has been des igned  a n d  
b u i l t  t o  f i t  i n t o  one of  t h e  eye-piece t u b e s  and t o  receive a Miranda 
F 1 . 9  3 5 m  camera loaned t o  t h e  p r o j e c t  b y  t h e  p r i n c i p a l  i n v e s t i g a t o r .  
The e l e c t r o n  microscope f a c i l i t i e s  of  t h e  Southwestern Medical  School  i n  
Dal las  have been generous ly  made a v a i l a b l e  t o  t h i s  p r o j e c t .  Doctor W .  D .  
Willis and h i s  a s s i s t a n t ,  Mrs. J. M .  (Venita) A l l i s o n ,  have sha red  t h e i r  
RCI: EFIU-3 micrgscope;  and Doctor R .  C .  Reynolds h a s  made h i s  H i t a c h i  H U - 1 1  B 
~ . : i c r o s c ~ p e  a v a i l a b l e  f o r  demonst ra t ion  and f o r  a p p r a i s a l .  T h i s  prcr ject  
i s  v e r y  g r a t e f u l  t o  them. Most of t h e  work on the  RCA microscope has been 
r o u t i n e  a p p r a i s a l  and comparison o f  f i l m s  of  v a r i o u s  i n i t i a l  v a l u e s  of 
r e s i s t a n c e .  It has i n c l u d e d ,  i n  a d d i t i o n ,  however, the  f i rs t  s t u d i e s  on 
t h e  e f f e c t s  o f  e l e c t r o n  beam i r r a d i a t i o n .  This w i l l  be d i s c u s s e d  i n  
S e c t i o n  4 . 4 .  
- 3- 
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R e s u l t s  o f  t h e  p r e l i m i n a r y  i r r a d i a t i o n  s t u d i e s  made u r g e n t  t h e  s e a r c h  for 
ail adequate  e l e c t r o n  microscope. For t h i s  reason  c o n s i d e r a b l e  time was 
g iven  t o  a s tudy  o f  l i t e r a t u r e  a v a i l a b l e  on c u r r e n t  models,  t o  d i s c u s s i o n  
w i t h  c o l l e a g u e s  and c o n s u l t a n t s ,  and t o  p e r s o n a l  i n s p e c t i o n  of s e v e r a l  
models. The p r i n c i p a l  i n v e s t i g a t o r  concluded h i s  s t u d y  w i t h  a September 
t r i p  t o  t h e  Perkin-Elmer Corpora t ion  i n  Norwalk, Connect icu t ,  where a n  
H i t a c h i  model HU-11B2 microscope was placed a t  h i s  d i s p o s a l  f o r  a f u l l  
day.  Work w i t h  t h i s  microscope demonstrated t h a t  it had ample c a p a b i l i t y  
( a t  iYhat seems t o  be t h e  l o w e s t  p r i c e )  for t h e  n e c e s s a r i l y - d e t a i l e d  s t u d y  
3f i r r a d i a t i o n  c h a r a c t e r i s t i c s  of t h i n  f i l m s .  The p r i n c i p a l  requirement:  
c o n t r o l  o f  i r r a d i a t i o n  and t h e  e f f e c t  o f  i r r a d i a t i o n - - w i t h o u t  damage t o  the 
sample--was met. P r e l i m i n a r y  r e s u l t s  a r e  g iven  and e l e c t r o n  micrographs 
a r e  shown i n  S e c t i o n  4. 
T h i s  l a b o r a t o r y  l o o k s  forward to the i n s t a l l a t i o n  o f  t h a t  H i t a c h i  micro- 
s c g p e - - c u r r e n t l y  scheduled by March 1, 1 9 6 6 .  The h i g h  r e s o l u t i o n ,  t h e  
c o l d  s t a g e ,  and t h e  s p e c i a l  co ld- t rapping  f a c i l i t i e s ,  t o g e t h e r  w i t h  a 
F 3 t i 3 n - p i c t u r e  camera r e q u e s t e d  f o r  t h e  i r r a d i a t i o n  s t u d i e s  of t h i s  
p r o j e c t ,  w i l l  a s s i s t  c o n s i d e r a b l y  i n  t h e  r e s e a r c h  e f f o r t .  
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PREPARATION OF BISMUTH FILMS 
3 . 1  S u b s t r a t e  Holders  and S u b s t r a t e s  
P rev ious ly - repor t ed  work1,2,3 was performed upon f i l m s  mounted on sub- 
s t r a t e  h o l d e r s  of  t h e  t y p e  shown i n  p l a c e  on the S i l v e r  P a i n t  A p p l i c a t o r  
i n  F ig .  1 ( a l s o  shown i n  p l a c e  on t h e  mask in  the c e n t e r  of Fig.  2) - A 
l a r g e  number of these h o l d e r s  and t h e  mask shown i n  Fig .  2 were s u p p l i e d  
to t h i s  p r o j e c t  th rough t h e  g e n e r o s i t y  of  Doctor  Ca r l  E .  Drumheller,  
Elanager, P h y s i c a l  E l e c t r o n i c s  Research,  General Dynamics/Electronics ,  
Rgchester, Kew York. 
The two s i d e s  of  t h i s  h o l d e r 1  are made of  l u c i t e ;  t h e  two ends ,  of b r a s s .  
The i n s i d e  of t h i s  "frame" ( a c r o s s  which t h e  s u b s t r a t e  is  mounted, and 
which i s  approximate ly  t h e  size of t h e  d e p o s i t e d  bismuth film) is  15mm 
squa re .  (The d e v i c e  seen  i n s i d e  t h e  h o l d e r  i n  Fig.  1 is  f o r  t h e  purpose 
o f  p o s i t i o n i n g  and s e c u r i n g  it during t h e  a p p l i c a t i o n  of s i l v e r  p a i n t ) .  
Unless  o the rwise  no ted ,  a l l  bismuth f i l m s  have been,  and w i l l  i n  the 
f u t u r e  b e ,  p repared  by evapora ted  bismuth d e p o s i t i o n  on a 0.04-micron- 
t h i c k  c e l l u l o s e  n i t r a t e  s u b s t r a t e  which h a s  been formed by c a s t i n g  on a 
w a t e r  s u r f a c e ,  and t h e n  mounted on one o f  t h e s e  h o l d e r s .  After  mounting 
of  t h e  s u b s t r a t e ,  t h e  h o l d e r  w i l l  have s i l v e r  (Dupont e l e c t r o n i c  grade  
N o .  4817) bands p a i n t e d  on t h i s  s u b s t r a t e  a t  t h e  i n s i d e  edge o f  t h e  b r a s s  
e n d s ,  a s  shown i n  F ig .  1. The p a i n t  w i l l  be a p p l i e d  w i t h  t h e  a p p l i c a t o r  
shown i n  t h e  f i g u r e .  T h i s  new a p p l i c a t o r  w a s  des igned  and b u i l t  by 
l a b o r a t o r y  pe r sonne l  and has  s e v e r a l  f e a t u r e s  i n c l u d i n g  a unique mechanical 
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Fig. 1. S i l v e r  Pa in t  Applicator  I 
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F i g .  2. Bell-Jar Apparatus f o r  Pos i t i on ing  of  Substrates, 
Mask, S h u t t e r ,  and Source 
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l i n k a g e  under t h e  s u b s t r a t e  h o l d e r  suppor t  which w i l l  make it p o s s i b l e  t 3  
c i n t r o l  t h e  s i z e  and l o c a t i o n  of t h e  s i l v e r  band b e t t e r  t h a n  was p o s s i b l e  
w i t h  p r e v i o u s  methods. 
3 . 2  Bismuth Film Depos i t i on  Apparatus 
Shown i n  F ig .  2 i s  t h e  a p p a r a t u s  e s s e n t i a l  f o r  d e p o s i t i o n  o f  t h e  bismuth 
f i l m s .  At t h e  bottom i s  a vacuum-system b a s e - p l a t e  o f  15- inch  d i ame te r .  
Two gu ide  rods for t h e  vacuum-system b e l l j a r  r i s e  from t h e  r i g h t  and l e f t  
edges.  The c e n t r a l  sou rce - ,  s h u t t e r - ,  and mask-support system w i t h  t h e  
narehed east-aluminum channe l s  on  the  s i d e  i s  a d e s i g n  s i m i l a r  t o  one 
developed i n  t h e  P h y s i c a l  E l e c t r o n i c s  Research Labora tory  a t  Genera l  
Dynarnics/Electronics,  Roches t e r ,  New York. The system shown is a modi- 
f i e d  v e r s i o n  des igned  by SElU Thin Fi lms  Labora tory  pe r sonne l .  S e v e r a l  
major p a r t s  o f  it w e r e  f a b r i c a t e d  f o r  t h e  Labora tory  wi thou t  charge  by 
t h e  machine shop f a c i l i t y  of t h e  Graduate Research Center  o f  t h e  Southwest .  
The machining was w e l l  done,  and t h i s  l a b o r a t o r y  i s  g r a t e f u l  € o r  t h a t  
c o n t r i b u t i o n  t o  i t s  p r o g r e s s .  
A t  t h e  t o p  o f  t h e  support-system i s  the  mask (and suppor t )  for t h e  f i l m  
s u b s t r a t e  h o l d e r s .  I t  i s  shown i n  d e t a i l  i n  F ig .  3 .  I n  the c e n t e r  o f  
t h e  suppor t - sys tem is  a m a g n e t i c a l l y - c o n t r o l l e d  s h u t t e r .  I t  i s  c l o s e d  
excep t  for a measured i n t e r v a l  during evapora t ion .  A t  t h e  bottom is  a 
s p e c i a l l y - d e s i g n e d  bismuth evapora t ion  s o u r c e ,  shown i n  f u r t h e r  d e t a i l  i n  
f i g .  4. "ire l e a d s  may be seen  corning f r o m  t w o  f eed - th rough  i n s u l a t o r s  
running  up t h e  r igh t -hand  channe l ,  and corning ou t  t o  connec t  t o  a sub- 
s t r a t e  h o l d e r  {for  r e s i s t a n c e  monitor ing d u r i n g  evapora t ion )  a t  t h e  t o p .  
- 8- 
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A l i q u i d  n i t r o g e n  "shroud" surrounds t h e  suppor t  system d u r i n g  normal 
2pei ia t i3n.  T h i s  i s  s h m n  i n  t h e  t o p  view given  by F i g .  3 .  T h i s  shrgud,  
xade 3f cDpper t u b i n g ,  s u p p l i e d  l i q u i d  n i t r o g e n  con t inuous ly  and vented 
t g  atrn9sphere d u r i n g  e v a p o r a t i o n s ,  h a s  improved p r e s s u r e s  by more t h a n  a n  
o r d e r  of  magnitude. 
A l s o ,  i n  F i g .  3 t h e  mask and s u b s t r a t e  h o l d e r  s u p p o r t  can be s e e n  t o  provide  
s p a c e  f o r  up t o  twelve h o l d e r s .  I n  a normal evapora t ion ,  however, on ly  four 
a r e  i n  p l a c e .  S t a i n l e s s  s t e e l  o r  rnfcrgy b l anks  fill o t h e r  openings.  S t a i n -  
Lt>ss s t e e l  mask i n s u l a t e s  t h e  brass i n  t h e  h n l d e r s  from t h e  s t e e l .  Holders  
a r e  shewn ups ide  down. The labsra tc r ry  is v e r y  g r a t e f u l  t o  Doctor Car l  E.  
Drumheller for t h e  l o a n  of t h i s  expensive d e v i c e .  
The bismuth evapora t ion  source  shown i n  F i g .  4 i s  a m o d i f i c a t i o n  of an 
e a r l i e r  d e s i g n  t h a t  i s  noteworthy f o r  i t s  uni form vapor  emiss ion  p a t t e r n ,  
but which f r e q u e n t l y  f a i l s  by a r c i n g  a t  t he  carbon c r u c i b l e  i n  t h e  c e n t e r .  
The p r e s e n t  des ign  i s  improved so t h a t  now many (more t h a n  f i f t e e n  on t h e  
soi i rce  Shawn) c y c l e s  of healry (100 anperes  3r more) c u r r e n t  can be Dbtained 
Tcithout f a i l u r e .  The carbon-rod c ruc ib le  i n  t h e  center  o p e r a t e s  a t  r e d d i s h -  
ye l low h e a t  du r ing  bismuth evapora t ions .  I 
I H o r i z o n t a l  p l a t e s  (and the  r a d i a t i o n  s h i e l d s  below them) are  made of 10-mil  
molybdenum. The s t r a p s  a r e  made of OFHC copper .  I n s u l a t o r  screw pocke t s  
a r e  vented  a long  t h e  screw a x i s .  
I , 
-11- 
3 - 3  Cont ro l  o f  Film Depos i t i on  
The i i h  d e p o s i t i o n  appa ra tus  was shown and desc r ibed  i n  t h e  p rev ious  
s e c t i o n .  I ts  o p e r a t i o n  is c o n t r o l l e d  b y  a moni tor ing  system (see  F ig .  5) 
l u c a t e d  nearby .  The b e l l - j a r  vacuum su r round ing  t h e  d e p o s i t i o n  a p p a r a t u s  
i s  monitored w i t h  a Var ian  i o n i z a t i o n  gauge l o c a t e d  on t h e  second p a n e l  
from the t o p .  The t h i r d  p a n e l  from the t o p  c o n t a i n s  i n s t r u m e n t a t i o n  f o r  
sou rce  c u r r e n t  (and tempera ture)  c o n t r o l  and mon i to r ing ,  s h u t t e r  c o n t r o l ,  
and d i g i t a l  r eco rd ing  of e l apsed  time i n  each  phase  of t h e  f i l m  d e p o s i t i o n  
pr3cess .  I t s  c i r c u i t  i s  shown i n  F ig .  6 .  The bottom p a n e l  c o n t a i n s  
i n s t r u v e n t a t i o n  for measuring and r eco rd ing  t h e  r e s i s t a n c e  of  a f iln w h i l e  
i t  i s  b e i n g  d e p o s i t e d .  This r e s i s t a n c e  i s  ob ta ined  (by Comparison w i t h  
t h e  r e s i s t a n c e  s t a n d a r d s  shown a t  t h e  bottom of  t h e  f i g u r e )  from an o f f -  
balance b r i d g e  o u t p u t  s i g n a l  a f t e r  that  s i g n a l  has been  a m p l i f i e d  by a DC 
a m p l i f i e r  l o c a t e d  a t  the t o p  of  t h e  c o n t r o l  p a n e l .  The b r i d g e  c i r c u i t  i s  
shswn i n  F ig .  7 .  
3 . 3 1  R e s i s t a n c e  Recording During Evaporat ion 
P r e s e n t  p r a c t i c e  i n  t h e  de t e rmina t ion  of f i l n :  t h i c k n e s s  i s  t o  monitor  t h e  
r e s i s t a n c e  of a s i n g l e  f i l m  i n  a set  w h i l e  bismuth i s  be ing  depos i t ed  on 
i t ,  and t h e n  t o  s h u t  o f f  t h e  supply  o f  vapor  t o  a l l  f i l m s  when t h e  rests- 
t a n c e  o f  t h e  monitored f i l m  h a s  reached a previous ly-de termined  v a l u e .  
The r e s i s t a n c e  i s  measured wi th  a low-powered b r i d g e ,  t h e  c i r c u i t  of  which 
i s  shown i n  F ig .  7 .  B r idge  i n p u t  i n  approximate ly  1 mv under normal con- 
d i t i o n s .  Th i s  s e r v e s  t o  keep power i n  t h e  f i l m ,  R,, low i n  o rde r  t o  avoid  
-12- 
Fig.  5. Film Deposition Monitoring System 
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p e m a n e n t  changes.  A t  t h i s  i n p u t  l e v e l ,  t h e  power d i s s i p a t e d  dur ing  r e s i s -  
t a n c e  measurement is l e s s  t h a n  tha t  normally r e c e i v e d  due t o  r a d i a t i o n  
f r o m  t h e  sur rounding  wa l l s .  
The b r i d g e  h a s  f o u r  a v a i l a b l e  ranges t h a t  e n a b l e  i t s  o p e r a t i o n  about b a l a n c e  
p o i n t s  cor responding  t o  Rx e q u a l  t o  100 ,  1000,  10,000,  o r  100,000 ohms. 
By means o f  t h e  b i a s  c i r c u i t  t h i s  balance p o i n t  can be moved t o  t h e  c e n t e r  
of  t h e  r e c o r d i n g  s c a l e  so t h a t  a range o f  v a l u e s  on each  s i d e  of t h e  
ba lance  point can be recorded .  I n  p r e p a r a t i o n  f o r  an e v a p o r a t i o n ,  one of 
t h e  b a l a n c e  p 3 i n t s  a b w e  is  chosen and s e t  a t  t h e  c e n t e r  o f  t h e  b r i d g e -  
v u t p u t  r e c o r d i n g  s c a l e .  The res t  of t h e  s c a l e  is t h e n  c a l i b r a t e d  a g a i n s t  
a s t a n d a r d  r e s i s t a n c e  box. 
Film r e s i s t a n c e  changes d u r i n g  e v a p o r a t i o n  ( f o r  a l l  of t h e  e v a p o r a t i o n s  
performed t h u s  f a r )  have been obta ined  a s  shown i n  F ig .  8 .  (Numbers, 
e . g .  l l L - 4 2 ,  r e f e r  t o  f i l m  numbers.) Note t h a t  i n  each  e v a p o r a t i o n  most 
o f  t h e  r e s i s t a n c e  change h a s  occurred b e f o r e  1 . 6  minutes have e l a p s e d .  
T h i s  is a r e l a t i v e l y  slow e v a p o r a t i s n  t i m e ;  however, it corresponds w i t h  
t h a t  o f  p r e v i o u s  work, and w i l l  be cont inued .  An e f f o r t  w i l l  be made t o  
choose and t o  c o n t i n u e  t o  u s e  a s i m p l e  e v a p o r a t i o n  r a t e .  It is  expected 
t h a t  f i l m  d e p o s i t i o n  r a t e  c o n t r o l  appara tus  c u r r e n t l y  scheduled f o r  
e n g i n e e r i n g  e v a l u a t i o n  i n  t h e  l a b o r a t o r y  w i l l  make t h i s  p o s s i b l e .  
3 . 3 2  C o n t r o l  of t h e  Source Curren t  and t h e  S h u t t e r  
The Evapora t ion  Cont ro l  Panel  and c i r c u i t  a re  des igned  t o  p r o v i d e  easy  
c o n t r o l  of t h e  s h u t t e r  and t h e  source c u r r e n t ,  and to provide  t i m i n g  of 
each s t e p  i n  t h e  f i l m  d e p o s i t i o n  program. 
-16- 
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When t h e  d e p o s i t i o n  system is  ready f o r  an "evaporat ion" t h e  Cont ro l  
Panel  poker swi tch  i s  e n e r g i z e d ,  and t h e  " s t o p - s t a r t "  swi tch  i s  p laced  i n  
t h e  "s ta r t "  p o s i t i m .  T h i s  e n e r g i z e s  a p r e - s e t  v a r i a b l e  t ransformer  which 
s u p p l i e s  a source  h e a t  j u s t  g r e a t  enough t o  m e l t  t h e  bismuth charge i n  the 
c r u c i b l e .  A f t e r  a pre-determined per iod  t h e  "low-high" swi tch  ( u n t i l  now 
i n  t h e  ' r l o ~ "  p o s i t i o n )  i s  p laced  i n  t h e  "high-heat" p o s i t i o n .  T h i s  e n e r g i z e s  
a n o t h e r  p r e - s e t  v a r i a b l e  t ransformer  which s u p p l i e s  v a p o r i z a t i o n  h e a t  t o  
t h e  c r u c i b l e ,  removing t h e  f i rs t  h e a t  source  s imul taneous ly .  The s h u t t e r  
i;'a>' be "open"-ed a t  any t ime t h e r e a f t e r .  When t h e  f i l m  r e s i s t a n c e  h a s  
reached i t s  d e s i r e d  v a l u e ,  throwing t h e  " s t o p - s t a r t "  swi tch  t 3  "s top" 
h a l t s  a l l  f u n c t i o n s :  t h e  s h u t t e r  i s  c l o s e d ,  c u r r e n t  t o  t h e  source  i s  
s topped ,  and t iming  s t o p s  a u t o m a t i c a l l y .  
The s o u r c e - c u r r e n t  meter p r o v i d e s  a c o n s t a n t  monitor  of t h e  h e a t i n g  
c u r r e n t .  T i m e  keeping i s  performed by f o u r  d i g i t a l  c o u n t e r s  which a r e  
d r i v e n  by an i n t e r v a l o m e t e r  o p e r a t i n g  a t  one p u l s e  p e r  second. The appro- 
p r i a t e  c a u n t e r  i s  sequenced i n t o  o p e r a t i o n  by t h e  c u r r e n t  c o n t r o l  and 
s h u t t e r  s w i t c h e s .  (These c o u n t e r s  a r e  Veeder-Root u n i t s ,  115VAC, 6 - d i g i t ,  
e l e c t r i c a l l y  p u l s e d .  They were on s u r p l u s  equipment made a v a i l a b l e  by 
Texas I n s t r u m e n t s ,  I n c . )  
S h u t t e r  power i s  s u p p l i e d  b y  a s m a l l  b r i d g e  r e c t i f i e r .  S h u t t e r  power is 
switched on t h e  DC s i d e  i n  order  t o  p r e v e n t  t h e  s h o r t i n g  o f  t h e  s o l e n o i d  
f i e l d  t h a t  would occur  when t h e  power supply w a s  removed i f  AC-side 
s w i t c h i n g  were used.  
T h i s  e v a p o r a t i o n  c o n t r o l  system has he lped  t o  g i v e  more c o n s i s t e n t  r e s u l t s  
and t o  s i m p l i f y  c a r r y i n g  o u t  t h e  r o u t i n e  a s s o c i a t e d  w i t h  f i l m  d e p o s i t i o n .  
-18- 
BISNUTH FILM CHARACTERISTICS 
4 . 1  E l e c t r o n  Micrographs I 
A major p a r t  o f  t h e  s t u d y  of  complex impedance c h a r a c t e r i s t i c s  h a s  involved 
t h e  r e l a t i o n  of f i l m  s t r u c t u r e  t o  e q u i v a l e n t  (and probably  a l s o  t o  a c t u a l )  
c i r c u i t s .  T h i s  s t r u c t u r e  may be examined u s i n g  e l e c t r o n  micrographs.  
I 
Good s h a r p  e l e c t r o n  micrographs o f  bismuth f i l m s  ( p a r t i c u l a r l y  o f  f i l m s  
unchar,ged by i r r a d i a t i o n  or evapora t ion)  a r e  n o t  e a s y  t o  o b t a i n  because 
Df b i s w t h ' s  low mel t ing  p o i n t  and because o f  i t s  a c t i v i t y  i n  t h e  e l e c t r o n  
beam; n e v e r t h e l e s s ,  specimens of t h e  f i l m s  p repared  i n  t h e  l a b o r a t o r y  have 
been examined for s t r u c t u r e  s i m i l a r i t y  and for s i m i l a r i t y  o f  p r e v i o u s l y -  
observed a c t i v i t y  i n  t h e  e l e c t r o n  beam, and have been found to have 
c h a r a c t e r i s t i c s  which appear  t o  be s imi l a r  to t h o s e  former ly  observed. 
A c o n s t a n t  s o u r c e  o f  dismay, however, was t h e  i n a b i l i t y  1) t o  get  enough 
f i l m  i l l u m i n a t i o n  t o  be a b l e  t o  s tudy  t h e  s t r u c t u r e  i n  t h e  microscope; 
2) t o  s t a b i l i z e  t h e  a c t i v i t y  s o  t h a t  i t ,  t o o ,  c m l d  be s t u d i e d  i n  t h e  
micr-3scope under v a r i a t i o n  of v a r i o u s  parameters .  The d e c i s i o n  o f  NASA 
t o  a s s i s t  Southern  Methodis t  U n i v e r s i t y  i n  t h e  procurement of  an e l e c t r o n  
microscope h a s  made it p o s s i b l e ,  however, to p l a n  r e s e a r c h  c o n s i d e r i n g  
t h a t  t h e s e  problems w i l l  be  l a r g e l y  r e s o l v e d .  
a n  a p p r a i s a l  o f  t h e  Hitachi  HU11B2 microscope ( t h e  i n s t r u m e n t  ordered  
l a t e r  by t h e  U n i v e r s i t y ) .  A t  t h a t  t i m e  the  p r i n c i p a l  i n v e s t i g a t o r  was for 
t h e  f i r s t  t i m e  a b l e  t o  examine a t y p i c a l  bismuth f i l m  f o r  long  p e r i o d s  
under h i g h  i l l u m i n a t i o n  and h i g h  m a g n i f i c a t i o n .  The e l e c t r o n  micrograph 
i n  Fig. 9 was made a t  t h a t  t i m e .  I t  i s  unique;  and y e t  it is  c o n s i d e r a b l y  
Proof  of t h i s  came d u r i n g  
-19- 
- 
below t h e  u l t i m a t e  c a p a b i l i t y  of t h e  microscope.  There i s  " informat ion"  
i n  t h e  grai i i  boundar ies  which has  not  been p r e v i o u s l y  d i s p l a y e d  o r  d i s -  
c u s s e d .  Ana lys i s  of t h i s  in format ion  and i t s  r e l e v a n c e  t o  bismuth char- 
a c t e r i s t i c s  w i l l  be  g iven  a f t e r  more s tudy  of  it h a s  been c a r r i e d  out  on 
t h e  U n i v e r s i t y ' s  own microscope.  
e s t i m a t e  from imper fec t  r e c o r d s . )  
(The magni f ica t icm g i v e n  i s  a v e r y  rough 
4 . 2  R e s i s t a n c e  D r i f t  
A n  m t s t a n d i n g  c h a r a c t e r i s t i c  of bismuth f i l m s  p r e v i o u s l y  examined has  
been their d r i f t  of r e s i s t a n c e  w i t h  t ime.  Th i s  was t r u e  of a "first  
g e n e r a t i g n "  of t h e s e  f i l m s ,  which were formed a t  p r e s s u r e s  o f  approx i -  
mate ly  3 x lo- '  T o r r ,  and a l s o  o f  a "second g e n e r a t i o n " ,  formed a t  
approximate ly  3 x Torr. The " t h i r d  g e n e r a t i o n " ,  having  been formed 
a t  approximate ly  3 x low7 T o r r ,  is a l r e a d y  d i s p l a y i n g  t h e  same g e n e r a l  
c h a r a c t e r i s t i c s .  A p l o t  of t h e s e  c h a r a c t e r i s t i c s  i s  shown i n  F i g .  1 0 .  
With n o  l o n g e r  t ime e x p e r i e n c e  t h a n  t h a t  shown, it appea r s  t h a t  t h e  break  
i n  lzjng-term "change" c h a r a c t e r i s t i c s  w i l l  occur a t  approximate ly  t h e  same 
v a l u e s  o f  i n i t i a l  r e s i s t a n c e :  between 300 and 400 ohms. 
4 . 3  Inf ra -Red Transmiss ion  
I n f r a - r e d  t r a n s m i s s i o n  measurements ( a t  < lSp) a r e  c a r r i e d  o u t  
w i t h  t h e  f i l m s  p o s i t i o n e d  i n  s p e c i a l  a d a p t e r s  a s  shown i n  F ig .  11. These 
a d a p t e r s  a r e  mounted on t h e  s o u r c e  housing o f  a Beckman IR-5 s p e c t r o -  
photometer  made a v a i l a b l e  t o  t h i s  l a b o r a t o r y  th rough  t h e  c o u r t e s y  of 
Doctor Harold Je skey  of t h e  Southern  Methodis t  U n i v e r s i t y  Department of 
Chemistry.  
-20- 
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Fig. 9 .  Electron Micrograph (approximately 400,  OOOX) of 
Evaporated Bismuth Film 
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F i g u r e  1 2  gives a complete s e t  of i n f r a - r e d  t r a n s m i s s i m  c h a r a c t e r i s t i c s  
f o r  f i l m s  i n  t h e  r e s i s t a n c e  range of i n t e r e s t .  These d a t a  a r e  new and 
a r e  be ing  used t o  de te rmine  complex impedance informat ion .  I t  i s  expec ted  
t h a t  perhaps  t h e  complex impedance p o s t u l a t i o n  (based upon s t r u c t u r e )  may 
be a b l e  t o  e x p l a i n  t h e  shape o f  t h e s e  cu rves .  
4 .4  C r y s t a l l i t e  Change During I r r a d i a t i o n  
It has  been p o i n t e d  ou t  ( i n  S e c t i o n  4.2) t h a t  t h e  f i l m s  d e s c r i b e d  h e r e i n  
a r e  d i f f e r e n t  fro% t hose  pr-eviously depDsi ted i n  t h a t  t h e s e  f i l m s  were 
d e p o s l t e d  a t  a l w e r  p y e s s u r e ,  i . e . :  a t  approximately 3 x LO-' T s r r .  
They appear  t o  behave i n  a manner s i m i l a r  t o  t h a t  o f  p r e v i o u s l y  d e p o s i t e d  
f i l m s ,  however, i n  t h a t  e l e c t r o n  beam i r r a d i a t i o n  e x c i t e s  c o n s i d e r a b l e  
a c t i v i t y  i n  them. 
T h i s  a c t i v i t y  was observed when a specimen was examined i n  t h e  RCU EMU-3 
e l e c t r o n  microscope,  b u t  was d i f f i c u l t  t o  c o n t r o l  a d e q u a t e l y .  When a 
specimen was placed  on t h e  co ld  s t a g e  in t h e  H i t a e h i  microscope,  however, 
i t  was p o s s i b l e  t o  e x e r c i s e  c o n s i d e r a b l e  c o n t r o l  m e r  t h e  a c t i v i t y .  Con- 
t r o l  was s o  good, i n  f a c t ,  t h a t  t h e  change of c r y s t a l l i t e  o r i e n t a t i o n  
could  be s t s p p e d  e s s e n t i a l l y  a t  any s t a g e .  F igu re  1 3  i s  an example of 
t h i s  c o n t r o l .  The l e f t - h a n d  view w a s  made f i r s t ;  t h e n  i r r a d i a t i o n  was 
a l lowed t o  t a k e  e f f e c t ;  t h e n  f i n a l l y ,  t h e  r i g h t - h a n d  p i c t u r e  was made. 
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Fig.  1 3 .  E lec t ron  Micrograph (approximately 210, OOOX) of 
Evaporated Bismuth F i l m ,  70  Ohms I n i t i a l  Resis tance 
(a) Before Electron Beam I r r a d i a t i o n  
(b) After Elec t ron  Beam I r r a d i a t i o n  
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There a r e  many changes i n  t h e  c r y s t a l l i t e  s t r u c t u r e s .  S m e  of t h e  most 
o b x - i m s  a r e :  t h e  band i n  t h e  c r y s t a l l i t e  i n  t h e  upper l e f t  c 3 r n e r  h a s  
d i s a p p e a r e d  i n  t h e  " a f t e r "  view; t h e  g r e y  c r > r s t a l l i t e  i n  t h e  c e n t e r  h a s  
t u r n e d  w h i t e  i n  t h e  " a f t e r "  p i c t u r e ;  n e x t  t o  it t h e  bands i n  t h e  c r y s t a l -  
l i t e  have changed markedly between p i c t u r e s .  The most unusual  t h i n g  i s  
t h e  f a c t  t h a t  on ly  very  i s o l a t e d  r a d i c a l  changes ( a l l  whi te  t o  a l l  b l a c k ,  
and v i c e  v e r s a )  have occurred .  Usual ly  t h e r e  i s  a predominance o f  r a d i c a l  
change. Tevpera ture  c o n t r o l  o f  a cold s t a g e  should make it p o s s i b l e  t o  
Dbtain The arnmnt o f  change d e s i r e d .  
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